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(54) Method of removing a liquid from a surface of a rotating substrate 



(57) A method of removing a liquid, i.e a wet 
processing liquid, from a surface of at least one sub- 
strate is disclosed. A liquid is supplied on a surface of 
substrate. Simultaneously or thereafter besides the liq- 
uid also a gaseous substance can be supplied thereby 
creating at least locally a sharply defined liquid-vapour 
boundary. The gaseous substance and the liquid can be 



selected such that the gaseous substance is miscible 
with the liquid and when mixed with the liquid yields a 
mixture having a surface tension lower than that of the 
liquid. According to the invention, the substrate is sub- 
jected to a rotary movement at a speed to guide said 
liquid-vapour boundary over said substrate thereby re- 
moving said liquid from said substrate. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Inventbn is related to a method of 
removing a liquid from a rotating substrate. This liquid 
can be any wet processing liquid as e.g. a wet etching 
liquid or a cleaning liquid, it can also be a rinsing liquid. 
The invention is applicable for a number of wet process- 
ing steps which are frequently used in the fabrication 
process of integrated circuits or liquid crystal displays. 

BACKGROUND OF THE INVENTION 

[0002] The complete and efficient removal of a liquid 
from a surface of a substrate is a multiply repeated step 
in e.g. the fabrication process of integrated circuits. 
Such a step can be performed after a wet etching step 
or a wet cleaning step or a wet rinsing step or any other 
step used in said fabrication process wherein said sub- 
strate is treated or exposed or immersed in a liquid. Said 
substrate can be a semiconductor wafer or a part thereof 
or a glass slice or any other slice of an insulating or con- 
ductive material. 

[0003] The manufacturing of integrated circuits 
evolves towards processing of each substrate individu- 
ally rather than in batches of several substrates. In state 
of the art IC manufacturing, most processing steps as 
e.g. implantation steps, deposition steps are already 
performed in a single substrate mode. On the other 
hand, wet processing steps such as e.g. cleaning steps 
and subsequent liquid removal steps are typically per- 
formed in a batch mode because of lack of appropriate 
alternatives. Therefore, differences in waiting times are 
created for each individual substrate between a wet 
processing step, performed in a batch mode and anoth- 
er processing step, performed in a single substrate 
mode. Such variability is undesirable with regard to 
process control. Moreover this mixed batch and single 
substrate processing increases the cycle time, which is 
also undesirable. Therefore, there is a general interest 
in the development of competitive single substrate wet 
processing steps. Particularly, one of the major chal- 
lenges regarding single wafer wet processing is a meth- 
od for removing a liquid from both sides of a substrate. 
There are two nnajor requirements to be fulfilled for such 
a method. At first the method should work suffk:iently 
fast. Knowing that in state of the art production lines a 
substrate is processed typically every 2 to 3 minutes, 
ideally, in order to avoid equipment duplication, the proc- 
ess step and the liquid removal step should be complet- 
ed in about such a time frame. Another requirement is 
related to the preferred substrate orientation. State of 
the art processing equipment and transportation tools 
are developed to handle substrates in a horizontal po- 
sition. Therefore in order to avoid additional substrate 
handling it would be desirable to perform the wet 
processing steps using horizontally positk>ned sub- 



strates. 

[0004] In the European Patent EP 0 385 536 Bl. a 
method is discbsed of drying substrates after treatment 
in a liquid by pulling said substrate sk)wly out of sakj 
s liquki. However, this known method, which Is based on 
the Marangoni principle, requires that the substrates are 
pulled out of the liquid in an upright position. i.e. a sur- 
face of said substrate is about perpendicular to the sur- 
face of the liquid bath as can be seen in figures 1 to 6 
10 of the European Patent EP 0 385 538 81 . This handling 
is incompatible with the majority of the other process 
steps where the equipment and transportatkyi tools are 
developed to handle horizontal positkxied substrates. 
[0005] In the United States Patent US 5271774 a 
spin-drying technique is dlsck>sed which is able to han- 
dle horizontal positioned substrates. In fact several 
small liquid islands are formed being removed from the 
substrate by a rotary nrK:>vement. It is kriown that such a 
spin-drying technque leaves undesirable residues, of- 
ten referred to as drying marks, on the substrate sur- 
face, particularly on surfaces having mixed hydrophilic 
and hydrophobk: regk>ns. 

[0006] tn the United States Patent US 5660642 a Ik)- 
uki removal technk^ue is disclosed wherein a Ik^ukl film 
present on a surface of a substrate can be removed by 
applying rinsewater together with a surface tenson re- 
ducing vapour. Partteularly, a disadvantage is that re- 
gardless of the precise nature of the liquki, during the 
liquid removal process always rinsewater is supplied. 
Furthermore, the surface tension reducing vapour is 
passively applied, e.g. by natural evaporatk>n. which 
makes it difficult to locally, i.e. at moving zone, have a 
good and efficient control on the vapour supply or to di- 
rect the vapour. Moreover US 5660642 does not dis- 
ease how to remove a liquid film substantially simulta- 
neously from two opposite surfaces, i.e. top arKJ bottom- 
side, of a horizontally positioned substrate. Neither does 
US 5660642 disclose how to remove efficiently a Ik^ukl 
from the topside of a horizontally positioned substrate. 

SUMMARY OF THE INVENTION 

[0007] In an aspect of the invention a method of re- 
moving a liquki from at least one surface of at least one 
substrate is disclosed, said nnethod comprising the 
steps of: 

supplying a liquid to said surface of said substrate; 
supplying a gaseous substarice to sakl surface of 
said substrate, said gaseous substance being at 
least partially miscible with said Iquld and when 
mixed with said liqukj yielding a mixture having a 
surface tension being lower than that of said liqukd; 
and 

subjecting said substrate to a rotary movement. 
SakJ gaseous substance can comprise a substance 
whrch when vapourised is miscible with said iiqukJ 
and when mixed with saki Iquld yiekJs a mixture 
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having a surface tension being tower than that of 
said liquid. Said gaseous substance can comprise 
a gas which is nniscible with said liquid and when 
mixed with said liquid yields a mixture having a sur- 
face tension being lower than that of said liquid, s 
Said gaseous substance can comprise a mixture of 
a vapourised substance and a gas, like e.g. helium, 
argon or nitrogen, said mixture being at least par- 
tially miscible with said liquid and when mixed with 
said liquid yielding a mixture having a surface ten- 
sion being lower than that of said liquid. Particularly, 
by supplying said liquid and said gaseous sub- 
stance on said surface of said substrate, at least 
locally a sharply defined boundary is created be- 
tween the liquid and the gaseous substance, l.e. a 75 
so-called liquid-vapour boundary. 

[0008] In an embodiment of the invention, said rotary 
movement is perf omied at a speed to guide said liquid- 
vapour boundary over said substrate. Preferably this 
boundary is a curved boundary. The configuration is 
such that the liquid is kept at the outerside of the curved 
boundary, i.e. at the liqukJ side of the Ik^uid-vapour 
boundary. In an embodiment of the invention the sub- 
strate can spin around its own oxis. Alternatively said 
substrate can also be subjected to a rotary movement 
where said substrate no longer spins around its own 
centre. 

[0009] In another embodiment of the inventon, on 
said surface of said substrate fresh liquid is sprayed 30 
continuously. The entire surface at the Tiquld side of the 
liquid-vapour boundary can be covered, as e.g. for hy- 
drophilic surfaces, with a continuous film of the liquid. 
The speed of the rotary movement is chosen such that 
the flow of said sprayed liquid on at least one side of the 3S 
wafer is transported outwards due to the centrifugal forc- 
es. Moreover, said gaseous substance, when mixed 
with said liquid yields a mixture haying a surface tension 
being lowerthan that of said liquid. The resulting surface 
tension reduction of said liquid facilitates the movement 40 
of said liquid towards an edge of the substrate. The sur- 
face left behind is cleaned and dried. It is presumed that 
this drying action is obtained according to at least the 
combination of the rotary movement and the Marangoni 
effect. According to the Marangoni effect said substanc- 4S 
es will be mixed with the liquid such that in the liquid 
rhehiscus, its concentratton decreases in the direction 
of the liquid. This gradient in concentration creates an 
addittonal force exerfed on the liquid film in the direction 
of the liquid film resulting in a good drying performance, so 
[0010] The liquid is selected dependent upon the ap- 
plied wet processing step like e.g. a wet etching step or 
a cleaning step or a rinsing step. To initiate the drying 
process, besides said liquid also a gaseous substance 
reducing the surface tension of said liquid is sprayed on 
at least one surface of said substrate. Parficularly, a 
pressurized gaseous substance is actively supplied e. 
g. by using at least one nozzle: Said surface tension re- 
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ducing gaseous substance can be isopropyl alcohol 
{IPA), but also any other gaseous substance whk:h is 
miscible with said liquid and which will form a mixture 
with sad liquid having a surface tension tower than that . 
of said Iqukl alone, can be used. 
[0011] In an embodiment of the invention, eventually, 
prtor to the liquid removal step an etching, a cleaning or 
a rinsing liquid or a sequence of such.lk^uklscan be sup- 
plied to the entire surface of a rotating substrate. The 
parameters can be optimized such that a Tiqud fibm can 
completely cover a surface. The spinning nrx>tkxi will 
qu'ckly transport the liqukj over the surface towards the 
edge, thus allowing relatively short carry-over transients 
and thus also allowing for relatively short rinsinglinnes. 
Using such a continuously switched flow of Ik^uids elim- 
inates the undesirable passage of liquid-gas interfaces 
over the surface. The Ik^uid removal method of the 
present invention is applicable for each sequence of at 
least one wet processing step by supplying a surface 
tension reducing gaseous substarrce together with the 
liquid. The drying can thus be applied directly on the 
processing liquid it relevant for the application. Since the 
proposed drying technique is found to be very fast, proc- 
ess non-uniformity over the surface can be kept very 
tow. 

[001 2] In an aspect of the inventton an apparatus for 
removing a liquid from at least one surface of at least 
one substrate is disclosed, sakJ apparatus comprising: 

a substrate holder which is subjectable to a rotary 
movement, said substrate being fixable to sakJ sub- 
strate holder; 

a liqukJ supply system for applying a Wquki on saki 
surface of said substrate; 

a gaseous substance supply system for applying a 
gaseous substance on said surface of saki sub- 
strate. Preferably, said gisiseous substance supply 
system and said Iquid suppjysystem are p^ 
such that sakJ gaseousi substance Is applied ctoser 
to the centre of said rotary movement of saki sub- 
strate holder than said liquid. According to the ap- 
paratus of the inventton, saki gaseous substance 
supply system can comprise at least one nozzle for 
applying saki gaseous substarice on said surface 
of said substrate and said Tiquid supply system can 
comprise at least one nozzle for applying said Ik^uki 
on saki surface of saki substrate, saki nozzles are 
positioned such that said gaseous substar>ce is ap- 
plied closer to the centre of the rotary movement of 
the substrate holder than saki Tiquki. Partkiularly. at 
least locally a sharply defined Ikiuki-vapour bound- 
ary can be created whtoh is located inbetween a first 
and a second adjacent nozzle, said first nozzle be- 
ing part of saki gaseous substar>ce supply system, 
saki second second nozzle being part of saki ik^uki 
supply system. Further according to the apparatus 
of the invention, said nozzles can be mounted on 
an arm, saki arm being nriovable relative tosaid sub- 
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strate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 depicts a schematic representation 
(vertical cross-section) of a tool used for removing a liq- 
uid from the topside of a surface of a rotating substrate 
according to an ennbodiment of the invention. 
[0014] Figure 2 a) depicts a schematic representa- 
tion, i.e. a top view, while fig. 2 b) depicts a cross-section 
(A-B) of a tool used for removing a liquid from a rotating 
substrate according to an embodiment of the invention. 
[001 5] Figure 3 a) depicts a top view of the cross-sec- 
tional plane (C-D of fig 2 b)) perpendicular to the surface 
of the substrate through the point of liquid impingement 

(30) and perpendicular to the imaginary line connecting 
the point of liquid impingement and the rotation centre 

(31 ) of a tool used for removing a liquid from a rotating 
substrate according to an embodiment of the invention. 
The vector representing the velocity of the liquid leaving 
the nozzle can ly in this cross-sectional plane (C-D) or 
in a plane (X-Y) perpendicular to the surface of the sub- 
strate making a small angle (33) with (C-D), i.e. the liquid 
velocity vector can be slightly oriented outwards. Figure 
3 b) depicts the X-Y plane. 

[0016] Figure 4 a) depicts a schematic representa- 
tion, i.e. a top view, while fig. 4 b) depicts a cross-section 
(E-F) of a tool used for renx>ving a liquid from a rotating 
substrate according to an embodiment of the invention. 
[0017] Figure 5 depicts a vertical cross-section of an 
implementation of a too) according to an embodiment of 
the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] In relation to the appended drawings the 
present invention is described in detail in the sequel. 
Several embodiments are disclosed. It is apparent how- 
ever that a person skilled in the art can imagine several 
other equivalent embodiments or other ways of practis- 
ing the present invention, the spirit and scope of the 
present invention being limited only by the terms of the 
appended claims. 

[0019] In an aspect of the inventbn a method of re- 
moving a liquid from at least one surface of at least one 
substrate Is disclosed, said method comprising the 
steps of: 

supplying a liquid to said surface of said substrate; 
supplying a gaseous substance to said surface of 
said substrate, said gaseous substance being at 
least partially miscible with said liquid and when 
mixed with said liquid yielding a mixture having a 
surface tension being lower than that of said liquid; 
and 

subjecting said substrate to a rotary movement. 
Said gaseous substance can comprise a substance 
whk;h when vapourised is miscible with said liquid 
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and when mixed with sa\6 liquid yiekJs a mixture 
having a surface tensk>n being lower than that of 
said liquid. Said gaseous substance can comprise 
a gas which is miscible with said liquid and when 

s mixed with said liquid yiekls a mixture having a sur- 
face tension being lower than that of sakj liquid. 
Said gaseous substance can comprise a mixture of 
a vapourised substance and a gas, like e.g. helium, 
argon or nitrogen, said mixture being at least par- 

10 tially miscible with said Iqutd and when mixed with 
said liquid yielding a mixture having a surface ten- 
sion being bwer than that of said liquid. Particularly, 
by supplying said liquid and sakj gaseous sub- 
stance on sakJ surface of saki substrate, at least 

IS locally a sharply defined liquid-vapour boundary is 
created. Said boundary has to be such that, at least 
within the part of the surface which is not rewetted 
during a subsequent revolutkxi, sakj boundary is a 
continuous one. i.e. said part is determined by the 

so lateral movement of sakj boundary during a revolu- 
tion. According to the method of the present inven- 
tion, sakj rotary movement is performed at a speed 
to guide sakj liquid-vapour boundary over sakj sub- 
strate. The configuration is such that the Tiquid is 

25 kept at the liquid side of the Ik^uid-vapour boundary. 

[0020] According to this method of the inventk>n, on 
at least one surface, preferably on both opposite surfac- 
es simultaneously i.e. the top.and bottomskje, of at least 

30 one substrate fresh Itqukj is sprayed continuously. The 
entire surface at the liquid skje of the liquid-vapour 
boundary can be covered with a fihm of the Iquid. The 
speed of the rotary movement is chosen such that the 
flow of said sprayed liquid on sakj surface of the wafer 

3S is transported outwards due to the centrifugal forces. 
The rotational speed, the fk:>w of the liqukl supply, and 
the orientation and the velocity at which the liquid arrives 
on the surface can be optimized in order to result in a 
liquid film with a sharp and stable Tiquid^vaFkM t)OUhd- 

40 ary and to keep the thickness of the liquid film small 
enough to avoid excessive losses of liqukj on the bot- 
tomside by gravitational forces. Moreover, saki gaseous 
substance when mixed with the lk:|ukj, results in a sur- 
face tensk>n reduction of sakj liquid thereby facilitating 

45 the movement of said liquid towards an edge of the sub- 
strate. The surface left behind is cleaned and dried. It is 
presumed that this drying action is obtained according 
to at least the combination of the Marangoni effect and 
a second force. Preferably this secorKj force is the force 

so Introduced by a rotary movennent or e.g. an oscillating 
movement. According to the Marangoni effect said sub- 
stances will be mixed with the liqukj such that in the liq- 
uid meniscus, its concentration discreases in the direc- 
tion of the liquid. This gradient in concentration creates 

ss an additional force exerted on the liqukj film in the direc- 
tion of the liquid film resulting in a good drying perform- 
ance. Particularly, the centre of the rotary movement 
can coincide with the centre of the substrate, i.e. the 
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substrate spins around Its own centre. In this case, if a 
liquid is sprayed on a surface of a substrate rotating typ- 
ically with a speed between 2 and 20 revolutions per 
second, but the Invention is not limited thereto, a curved 
shaped liquid-vapour boundary is created. The entire 
surface area outside of this curved boundary, can be 
covered with a film of the liquid. Particularly when using 
hydrophilic substrates, the entire surface area outside 
of this cun^ed boundary is covered with a continuous film 
of the liquid However also other rTK>re complex shaped 
boundaries can be created, particularly on substrates 
with a high contact angle for the liquid and if a low flow 
of liquid is applied. Such complex shaped boundaries 
will also assist in removing a liquid. 
[0021] The liquid is selected dependent on the applied 
wet processing step: for etching steps, e.g. dilute aque- 
ous solutbns comprising e.g. HP can be used; for clean- 
ing steps, e.g. a mixture of NH4OH, H2O2 and HgO or a 
mixture of HCI, H2O2 and H2O or dilute HCI or a mixture 
comprising O3 can be used; for rinsing steps, the rinsing 
liquid can comprise H^. or a mixture of H2O and an 
acid, said mixture preferably having a pH between 2 and 
6. Preferably said acid is one of the group of HNO3, 
HgCOg. HCO3, HCI, HBr, H3PO4. H2SO4. To initiate the 
removal process, besides said liquid also a gaseous 
substance is sprayed on at least one surface of said sub- 
strate. Said gaseous substance can comprise a sub- 
stance, like e.g. isopropyl alcohol (IPA), diacetone, 
ethyllactate, ethylglycol, methylpyrrolidon or a mixture 
of one of the aforementioned substance, which when 
vapourised is miscible with said liquid and when mixed 
with said liquid yields a mixture having a surface tension 
being lower than that of said liquid 
[0022] There are several irnp lamentations possible to 
apply both the liquid and the vapour of the surface ten- 
sion reducing substance on at least one surface of at 
least one substrate. Preferably the implementation has 
to be such that initially the gaseous substance is sup- 
plied at or very close to the centre of the rotary move- 
mement. while the liquid is supplied out of centre but 
adjacent to the gaseous substance supply.. The liquid 
can also be supplied further away from said centre. By 
doing so on said surface of said substrate a liquid-va- 
pour boundary can be formed which is initially located 
at said centre. Then, due to the rotary movement and 
the movement of the gaseous substance and liquid sup- 
ply system, this boundary is slowly guided outwards 
from the centre to the edge to thereby remove the liquid 
or the solution of said liquid from said surface of said 
substrate. A sharply defined liquid-vapour boundary, at 
least locally, is helpful in order to obtain an optimal per- 
formance. Contrary to the state of the art, the method of 
the present Invention is perfectly suited to handle a hor- 
izontal positioned substrate resulting in a secure and re- 
liable approach which is compatible with substrate han- 
dling in most of the other process steps in the manufac- 
turing of integrated circuits. Moreover because, accord- 
ing to the present invention, the liquid of the liquid-va- 



pour boundary Is continuously refreshed, besides a 
good drying periormance also a better cleaning per- 
formance is obtained simultaneously. A better cleaning 
performance can be obtained regardless of the precise 
s nature of the liquid, i.e. a wet processing liquid like e.g. 
a cleaning liquki or a rinsing Ik^uid or a wet etching liquid, 
as long as the Ik^uid is. miscible with the surface tensk>n 
reducing gaseous substance. Purthermore the required 
anfKDunts of liquid are substantially lower compared with 

10 conventbnal wet processing baths or tanks. 

[0023] According to the method of the present inven- 
tion first the liquid is supplied on a surface of a substrate 
at or very ctose to the centre of the rotary movement, 
while there is no gaseous substance supply. In- an em- 

is bodiment of the inventk)n the centre of the rotary nrove- 
ment coinckies with the centre of the substrate, i.e. the 
substrate spins around its own centre. Then the gase- 
ous substance supply system, e.g. a nozzle is moved to 
the centre of the rotary moverhent, i.e. the centre of the 

so substrate, and the pressurised gaseous substance is 
supplied actively at said centre while the lk)ukl is sup- 
plied slightly out of centre. The lk)ukl can also be sup- 
plied further away from said centre. By doing so on saki 
surface of sak:J substrate a liqukJ-vapour boundary is 

2S formed which is initially located at saki centre. Then, due 
to the rotary movement and the movement of the gase- 
ous substance and Ik^uid supply system, this boundary 
is slowly guided outwards from the centre to the edge 
of said surface of said substrate to thereby remove the 

30 liquid or the solutron of said liquid from sakl surface of 
said substrate. 

[0024] In an aspect of the inventksn an apparatus for 
removing a liquid from at least one surface of at least 
one substrate is disclosed, saki apparatus comprising: 

3S 

a substrate holder (1 ) <11 ) which is subjectable to a 
rotary movement, saki substrate (2) being fixable to 

sakj substrate holder; 

a liquid supply system (5) for applying a liquid on 

40 sakd surface of said substrate; 

a gaseous substance supply system (4) for applying 
a gaseous substance on saki surface of said sub- 
strate. Preferably, said gaseous substance supply 
system and said liqukj supply system are positioned 

4S such that sakj gaseous substance is applied closer 
to the centre of said rotary movement of said sub- 
strate holder than saki liquid. 

[0025] In an embodiment of the invention, as illustrat- 
so ed in figure 1 . a substrate (2) Is placed on a revolving 
substrate hokJer (1). Said substrate can be placed in a 
chamber of a tool comprising at least one chamber. Said 
substrate holder and the substrate thereon are rotating 
with a speed which is typically between 2 and 20 or more 
ss revolutk^ns per second. A movable arm (3), whbh can 
be guided between the centre and the edge of the sub- 
strate extends above the topside of the substrate. Ini- 
tially one end of this arm is located near the centre of 
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the rotary movement, i.e. the centre of the substrate. 
Said arm comprises at least two supply systems, a first 
supply system comprising means (4) for supplying a sur- 
face tension reducing gaseous substance to the sub- 
strate, a second supply system comprising means (5) 
for supplying a liquid to the substrate. Said first supply 
system further comprises at least one nozzle, initially 
being placed at or near the centre of the substrate, for 
spraying said gaseous substance on said substrate. 
Said second supply system further comprises at least 
one nozzle, being placed more outwards than said noz- 
zle for spraying gaseous substance, for spraying said 
liquid on said substrate. Altematively, instead of a mov- 
able arm comprising fixed nozzles also movable nozzles 
on a fixed arm can be used. To ensure that each part of 
the substrate is effectively dried, the translation speed. 
V, at which the arm, i.e. the nozzles, moves can be 
adapted to the rotational (angular) speed, co. of the sub- 
strate. Suppose that Ar is the translation distance, being 
the radial distance over which the liquid-vapour bound- 
ary extends radialy during one revolution, then the rota- 
tional speed can be chosen such that: 

CO 

For example, suppose that the translation distance per 
revolution. Ar, equals 1 mm. and that the translation 
speed, V, equals 1 mm per second, then the rotational 
speed is 1 revolution per second. 
[0026] In tests, the nozzles are located such that their 
centre lines will draw concentric circles on the surface 
with a difference in radius on the order of 5 mm. By doing 
so, at the topside of the substrate a curved liquid-vapour 
boundary is formed which is initially located at said cen- 
tre of the substrate. Then this boundary is slowly guided 
outwards by moving said arm (3) from the centre to the 
edge of the substrate to thereby remove the liquid or the 
solution of said liquid from the topside of said substrate. 
The liquid-vapour boundary is located in between the 
nozzle providing the surface tension reducing gaseous 
substance and the nearest nozzle spraying the liquid. 
Using this method fresh liquid with very low concentra- 
tion of the surface tension reducing gaseous substance 
is supplied at the liquid-vapour boundary thus maximiz- 
ing the removal of the liquid (maximizing Marangoni 
force). In figure 1 the nozzles (6) are placed such that 
the gaseous substance is sprayed perpendicular, i.e. at 
an angle of 90**, on the substrate and also the liquid is 
sprayed on the substrate. Spraying the liquid can be 
done such that at least locally a sharp and stable curved 
boundary is obtained, and particularly in case hy- 
drophilic substrates are used the entire surface of the 
substrate at the outerside of the boundary Is kept wet. 
This will involve optimization of the orientation of the liq- 
uid nozzle(s) and of the velocity of the liquid leaving the 
nozzle. In order to limit splashing of the liquid the angle 
<32) between the velocity vector of the liquid (figure 3 



(1 3)) when leaving the nozzle and the velocity vector of 
the rotating surface (figure 3(1 4» at the point<30) where 
the liquid flow impinges can be kept small. Eventually, 
the liquid nozzles can also be slightly oriented outwards, 
5 i.e. typically at an angle (33) between 0 degrees and 5 
degrees. For renrtoving a liquid having a low contact an- 
gle in contact with the surface, it is found. sufTicient to 
have only one nozzle for supplying the liquid. In case of 
higher contact angles, in order to nnaintain a wet sub- 
strate surface outside the drying k>oundary, additional 
nozzles for spraying liquid can be installed at equal or 
greater distance from the rotation centre <31). In order 
to further limit the consumption of the liquid the addition- 
al nozzles can be tumed off as they nrK>ve over the sub- 
strate edge. It may be useful to progressively modulate 
the flow and the rotation speed as the drying proceeds 
from the centre towards the edge of the substrate. 
[0027] According to this embodiment of the invention , 
as an example, experiments are performed using such 
an apparatus for removing a liquid from the topside of a 
substrate. Particularly, the gaseous sut>stance supply 
system of said apparatus comprises one nozzle and the 
liquid supply system of said apparatus also comprises 
one nozzle. Said nozzles are nriounted on an arm, said 
arm being movable relative to said eubstiate. The sub- 
strates used in the experiments are silicon wafers with 
a diameter of 150 mm with a deposited oxide layer on 
top. The thickness of the oxkle layer is 1.1 pm. The wa- 
fers are polished by means ot chemical mechank::af pol- 
ishing. After this treatment, the thickness of the remain- 
ing oxide layer is 700 nm. Immediately thereafter the wa- 
fers are put in a water container, 
[0028] In a first experiment a state of the art method 
is used to remove the water from the topskle of a wafer. 
The water is placed on a substrate holder and subjected 
to a rotary movement at a speed of 600 revolutk>n8 per 
minute during 40 seconds v^^ile only a surface tension 
reducing gaseous substance, i.e. a mixture of vapour- 
ised isopropyl alcohol (I PA> and nitrogen, is supplied. 
The experiment is performed in a class 10000 clean- 
room area. After this removal treatment light point-de- 
fects (LPD's), being a measure for the number of con- 
tamination particles, iare measured using a Tencor Surf- 
scan 6400. The number of LPD's per wafer measured 
with a polystyrene latex sphere equivalent (PSLSE) di- 
ameter between 0.2 and 0,3 ^im is 309 with a standard 
deviation of 1 1 3. These numl^ers are an average of LPD 
measurements on two different wafers whk:h were sub- 
jected to the same treatment according to this first ex- 
periment. 

[0029] In a second experiment, according to this em- 
bodiment of the present invention a method is used to 
remove the water from the topside of a wafer. The wafer 
is placed on a substrate holder and subjected to a rotary 
movement at a speed of 600 revolutions per minute dur- 
ing 15 seconds or 25 seconds. A pressurized surface 
tensk>n reducing gaseous substance, i.e. a mixture of 
vapourised isopropyl alcohol (I PA) and nitrogen, is ac- 
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tivety supplied by the first nozzle, while a liquid, i.e. fresh 
water, is actively supplied by the second nozzle. The 
arm comprising the nozzles is moved from the centre to 
the edge with a radial velocity of 5 mm per second or 3 
mm per second. The experiment is performed outside a 
cleanroom area. After this removal treatment light point- 
defects (LPD's). being a measure for the number of con- 
tamiriation particles,, are measured using a Surfscan 
6400. The number of LPD*s per wafer measured with a 
PSLSE diameter between 0.2 and 0.3 nm is 14 with a 
standard deviation of 5. These numbers are an average 
of LPD measurements on six different wafers, 3 which 
are subjected to the same treatment, i.e. with a radial 
velocity of 5 mm per second, and the other three wafers 
which are also subjected to the same treatment, I.e. with 
a radial velocity of 3 mm per second according to this 
second experiment. From the LPD measurements it is 
clear that the method of the present invention has a bet- 
ter cleaning and drying performance, particularly with 
regard to particles. 

[0030] in an embodiment of the invention, as illustrat- 
ed in figure 2. a substrate (2) can be clamped into a ring- 
shaped substrate holder (11) having an inner diameter 
larger than the diameter of the substrate. The clamping 
is done using minimal contact surface. The substrate 
holder or alternatively the substrate itself is placed be- 
tween at least two revolving means (12) which transmit 
the rotational force to said substrate holder comprising 
the substrate or alternatively to said substrate alone. 
Said substrate holder comprising said substrate or said 
substrate alone can be placed in a chamber of a tool 
comprising at least one chamber. Said substrate is ro- 
tating with a speed which is typically between 2 and 40 
revolutions per second. Two movable arms (3), which 
can be guided separately or simultaneously between 
the centre and the edge of the substrate extend above 
the topside and below the bottomside of the substrate. 
Initially one end of each of these arms is located near 
the centre of the substrate. Eacti of these arms compris- 
es at least two supply systems, a first supply system 
comprising means (4) for supplying a surface tension 
reducing gaseous substance to the substrate, a second 
supply system comprising means (5) for supplying a liq- 
uid to the substrate. Said first supply system further 
comprises at least one nozzle, being placed near the 
centre of the substrate, for spraying said gaseous sub- 
stance on said substrate. Said second supply system 
further comprises at least one nozzle, being placed 
more outwards than said nozzle for spraying gaseous 
substance, for spraying said liquid on said substrate. By 
doing so both at the topside and on the bottomside of 
the substrate a liquid-vapour boundary can be formed 
which is located at said centre of the substrate. Then 
this boundary is slowly guided outwards by moving said 
arms (3) from the centre to the edge of the substrate to 
thereby remove the liquid or the solution of said liquid 
from the surfaces of said substrate. In order to limit 
splashing of the liquid the angle between the velocity of 



the liquid (figure 3 (1 3)) when leaving the nozzle and the 
velocity of the rotating surface <figure 3 (1 4)) at the point 
where the liquid flow impinges can be kept small. 
Another approach for building this rotation system is 
5 shown in figure 4. In this case the arm (18) at the bot- 
tomside is nrK)unted on a central shaft (15). Around this 
shaft a hollow shaft (16) is rotating. On this hollow shaft 
the clamping means (17) of the substrate are fixed; The 
arms moving over a radius of the substrate can be nrvade 
compact, i.e. like a man's arm. The arm on the topside 
can be simitar, but no rotation gear is required at the 
topside. 

[0031] In an embodiment of the invent»n (fig. 5), the 
liquid supply system (3)comprises a cup-shaped nozzle 
(51 ) which can be guided over the rotating substrate(2) 
and whk:h is positk^ned very ck>se to a surface of a sub- 
strate. Particularly, the distar>ce between this cup- 
shaped nozzle and a surface of the substrate is typk^lly 
about 0.5 mm. The liquid, e.g. water, can be supplied 
through the cup. 

[0032] In tests, according to the method of the inven- 
tion, the nozzles are positk^ned in order to draw concen- 
tric circles oh the surface with a difference in radius in 
the order of 6 mm. One nozzle is provkled to spray the . 
liquid, i.e. H2O on a surface of a 150 mm silkx>n wafer. 
The rate of the liquid flow is aboutSO ml per minute. The 
surface tension reducing gaseous substance used is a 
mixture of vapourised IPA and a nitrogen gas. The rota- 
tion speed is atK>ut 300 revolutions per minute. These 
conditions are suited to remove the liquid very efficiently 
for hydrophilic wafers. It is found that partk:ularly for hy- 
drophobk: silicon wafers, it is important to have a suffi- 
ciently high liquid supply to keep the outer parts of the 
wafer wet. Preferably additkxial nozzles can be provid- 
ed to ensure this. 

[0033] According to the method of the present inven- 
tion, the same rotatk^n station can be used to perform a 
wet chemk^al processing step like e.g. a wet etching 
step, wet cleaning and rinsing a substrate, or to perform 
an arbitrary sequence of such wet processing steps. In 
an embodiment of the inventon. prior to the initiation of 
the liquid removal process, i.e. prior to supplying a sur- 
face tension reducing gaseous substance, an etching, 
cleaning or rinsing liqukj or a continuous sequence of 
such liquids can be supplied to at least one surface of 
the substrate. For example, this can be done by using 
at least one of the liquid nozzles (and eventually addi- 
tional nozzles further away from the centre). The param- 
eters can be optimized such that a continuous liqukj film 
is present on the surface. The spinning riKJtbn will quk;k- 
ly transport the liqukj over the suriace towards the edge, 
thus allowing relatively short carry-over transients and 
thus also allowing for relatively short rinsing times. Us- 
ing such a continuously switched flow of liquids elimi- 
nates the passage of liquki-gas interfaces over the sur- 
face. The Iquid removal method of the present invention 
is applk:able for each sequence of at least one wet 
processing step by supplying a suriace tension reducing 
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gaseous substance together with the liquid. The remov- 
al method can thus be applied directly on the processing 
liquid if beneficial for the applicatbn. Since the proposed 
removal method is found to be very fast, process non- 
uniformity over the surface, i.e. centre to edge or edge 
to edge, can be kept very low. 



Claiine 

1 . A method of removing a liquid from at least one sur- 
face of at least one substrate comprising the steps 
of: 

supplying a liquid to said surface of said sub- 
strate;. 

supplying a gaseous substance to said surface 
of said substrate, said gaseous substance be- 
ing at least partially misclble with said liquid and 
when mixed with said liquid yielding a mixture 
having a surface tension being lower than that 
of said liquid; and 

subjecting said substrate to a rotary movement. 

2. A method as recited in claim 1 , wherein, by supply- 
ing said liquid and said gaseous substance on said 
surface of said substrate, at least locally a sharply 
defined liquid-vapour boundary is created. 

3. A method as recited in claim 1 , wherein said rotary 
movement is performed at a speed to guide said 
liquid-vapour boundary over said substrate . 

4. A method as recited in claim 3. wherein said rotary 
movement is applied such that the substrate spins 
around its own centre. 

5. A method as In claim 4. wherein the rotation speed 
is in the range from 2 to 40 revolutions per second. 

6. A method as recited in claim 1 . wherein said gase- 
ous substance comprises a substance which when 
vapourised is misclble with said liquid and when 
mixed with said liquid yields a mixture having a sur- 
face tension being lower than that of said liquid. 

7. A method as recited in claim 6, wherein said sub- 
stance is selected from a group comprising isopro- 
pyl alcohol (IPA), diacetone. ethylglycol, ethyllac- 
tate and methylpyrrolidon or a mixture thereof. 

8. A method ias recited in claim 1 , wherein said gase- 
ous substance comprises a mixture of a vapourised 
substance and a gas, said mixture being at least 
partially miscible with said liquid and when mixed 
with said liquid yielding a mixture having a surface 
tension being bwer than that of said liquid. 
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9. A method as recited in claim 8. wherein said sub- 
stance is selected from a group comprising isopro- 
pyl alcohol (IPA), diacetone, ethylglycol and meth- 
ylpyrrolidon or a mixture thereof and said gas is an 

s inert gas. 

10. A method as recited in claim 1 , wherein said gase- 
ous substance comprises a gas which is miscible 
with said liquid and when mixed with said liquid 
yields a mixture having a surface tension being low- 
er than that of said liquid. 

11. A method as recited in claim 1, wherein said liquid 
is one of a group of an etching liquid, a cleaning 
liquid or a rinsing liquid. 

12. A method as recited in claim 11 , wherein said etch- 
ing liquid is a dilute aqueous solution. 

20 13. Amethodas recited in claim 11, wherein saidclean- 
Ing liquid comprises a mixture of NH4OH, 
HgO; or comprises a mixture of IHCI, H^02 and H2O; 
or comprises diluted HCI; or comprises a mixture 
comprising 03. 

25 

1 4. A method as recited in claim 1 1 , wherein isaid rinsing 
liquid comprises H2O; or a mixture of H2O and an 
acid, said mixture having a pH between 2 and 6. 

30 15. A method as recited in claim 1. wherein eaid liquid 
and said gaseous substance are supplied eubstan- 
tially simultaneously. 

16. A method of removing substantially simultaneously 
35 a liquid from a first side and a second side of at least 
one substrate comprising the steps of: 

substantially simultaneously suppling a liquid 
to said first side arxj saWraran^ of said 
40 substrate; 

substantially simultaneously supplying a gase- 
ous substance to said first side and said second 
side of said substrate, said gaseous substance 
being at least partially miscible with said liquid 
^45 and when mixed with said liquid yielding a mix- 

ture having a surface tension being lower than 
that of said liquid; and 

subjecting said substrate to a rotary nrK>vement. 

so 17. A method as recited in claim 16, wherein said first 
side is the topside and said second side is the bot- 
tomside of said substrate. 

1 8. An apparatus for removing a liquid from at least one 
ss surface of at least one substrate, said apparatus 
comprising: 

a substrate holder which is subjectable to a ro- 
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tary movement, said substrate being fixable to 
said substrate holder; 

at least one liquid supply system for applying a 
liquid on said surface of said substrate; 
at least one gaseous substance supply system s 
for applying a gaseous substance on said sur- 
face of said substrate. 

19. An apparatus as recited in claim 1 8, where said gas- 
eous substance supply system and said liquid sup- io 
ply system are positioned such that said gaseous 
substance is applied closer to the centre of said ro- 
tary movement of said substrate holder than said 
liquid. 

IS 

20. An apparatus as recited in claim 1 6, where said gas- 
eous substance supply system comprises at least 
one nozzle for applying said gaseous substance on 
said surface of said substrate and said liquid supply 
system comprises at least one nozzle for applying so 
said liquid on said surface of said substrate, said 
nozzles are positioned such that said gaseous sub- 
stance is applied closer to the centre of the rotary 
movement of the substrate holder than said liquid. 

ss 

21. An apparatus as recited in claim 1 6, where said noz- 
zles are mounted on an arm, said arm being mov- 
able relative to said substrate. 

22. An apparatus for removing a liquid from a first side 30 
and a second side of at least one substrate, said 
apparatus comprising: 

a substrate holder which iiB subjectable to a ro- 
tary movement, said substrate being fixable to 3S 
said substrate holder; 

a first and a second liquid supply system, said 
first liquid supply system for applying a liquid 
on said firist side of said substrate and said sec- 
ond liquid supply system for applying a liquid ^ 
on said second side of said substrate; 
a first and a second gaseous substance supply 
system, said first gaseous substance supply 
system for applying a gaseous substance on 
said first side of said substrate and said second ^ 
gaseous substance supply system for applying 
a gaseous substance on said second side of 
said substrate. 
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